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(54) Hydroxymethyl-substituted polyfunctions! phenols 

(57) Hydroxymethyl-substituted polyfunclional phe- ture: 
nols, expressed by the following structure: 




(wherein X represents: bivalent group (a) expressed by 
the following structure: 



General structure (II) 



IS* I 

(ID 



(wherein R n . R 2 , R 3 and R4 each independently repre- 
sent a hydrogen atom or an aikyl group with a carbon 
atom number of 1 through 4); 

quadrivalent group (b) expressed by the following struc- 



General structure (HI) 



K>40< 

Re 
(III) 



(wherein R 5 and R 6 each independently represent a hy- 
drogen atom or an alkyl group with a carbon atom 
number of 1 through 4); 

or bivalent group (c) expressed by the following struc- 
ture: 



General structure (TV) 

— c— 

. i 

(IV) 

(wherein R 7 and R 8 each independently represent a hy- 
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drogen atom or a monofluoromethyl, difluoromethyl or 
trffluoromelhyJ group; however, R 7 and Rg cannot be 
both hydrogen atoms); wherein n takes 2 when X is bi- 



valent group (a), takes 4 when X is quadrivalent group 
(b), or lakes 2 when X is bivalent group (c)). 
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Description 

[0001] This invention relates to new hydroxymethyl-substituted polyfunctional phenols, wherein one phenol nucleus 
contains two hydroxy methyl groups as nucleus-substitution groups. Such compounds may be used as a modifier for 
s phenol resins, etc., photo-resist material, or material for producing various polyphenol compounds involving chemical 
reaction of said compounds with phenols. 

[0002] The publication of Japanese Patent Application Laid-open No. 53-71044 discloses bis (4-hydroxy-3,5-dihy- 
droxymethyl phenyl) methane, which is a bisphenol compound containing hydroxymethyl groups as nucleus-substitu- 
tion groups. The publication of Japanese Patent Application Laid-open No. 8-277235 also discloses S.S'.S.S'-tetrahy- 
10 droxymethyM^'-diphenol as an intermediate material used for producing polyphenols via chemical reaction with phe- 
nols. 

[0003] Among bisphenol compounds containing hydroxymethyl groups as nucleus-substitution groups, such as those 
mentioned above, polyfunctional phenols having an aromatic ring (e.g. benzene ring) or cycloalkane ring (e.g. cy- 
clohexane ring) at the center of symmetry provide a high melting point. Polyphenol compounds made from these 
15 polyfunctional phenols are also expected to exhibit excellent resistance to heat. In addition, polyfunctional phenols 
having a fluorine-substituted alkylene group at the center of symmetry of the molecule are expected to offer property- 
modifying effects, such as improving the water repellency of phenol resins. 

[0004] However, hydroxymethyl-subsliluled polyfunctional phenols, wherein the molecule of said phenol contains 
two or four phenol nucleuses each having two hydroxymethyl groups as nucleus-substitution groups and a benzene 
20 ring, cyclohexane ring or fluorine-substituted alkylene group at the center of symmetry of the module, have not here- 
tofore been known, 

[0005] In light of the aforementioned condition to date regarding hydroxymethyl-substituted polyfunclional phenols 
containing hydroxymethyl groups as nucleus-substitution groups, the present invention aims to provide new hy- 
droxymethyl-substituted polyfunctional phenols, wherein the molecule of said phenol contains two or four phenol nu- 
25 cleuses each having two hydroxymethyl groups as nucleus-Substitution groups and a benzene ring, cyclohexane ring 
or fluorine-substituted alkylene group at the center of symmetry of the molecule, 

[0006] The present invention provides hydroxymethyl-substituted polyfunctional phenols expressed by the following 
structure: 

General structure (I) 

30 



35 



40 



45 



50 




(wherein X represents: bivalent group (a) expressed by the following structure: 
General structure (II) 



(H) 



(wherein R 1( R 2 , R3 and R 4 each independently represent a hydrogen atom or an alkyl group with a carbon atom 
number of 1 through 4); quadrivalent group (b) expressed by the following structure; 
55 General structure (III) 
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5 



10 




(wherein R 5 and R$ each independently represent a hydrogen atom or an alkyl group with a carbon atom number of 
1 through 4); 

or bivalent group (c) expressed by the following structure: 
15 General structure (IV) 



20 



25 



— c— 
I 



(IV) 



(wherein R 7 and R 8 each independently represent a hydrogen atom or a monofluoromethyl, difiuoromethyl or trifluor- 
omethyl group; however, R 7 and R 8 cannot be both hydrogen atoms); 

wherein n takes 2 when X is bivalent group (a), takes 4 when X is quadrivalent group (b) f or takes 2 when X is bivalent 
30 group (c)). 

[0007] The first type or new hydroxymethyl-substituted polyfunctionai phenols provided by the present invention 
reflects aforementioned general structure (I), wherein X is bivalent group (a) expressed by aforementioned general 
structure (II). If R-, , R 2> R 3 and R 4 in bivalent group (a) are each an alkyl group with a carbon atom number of 1 through 
4, specific examples of such alkyl groups Include methyl, ethyl, propyl and butyl groups. Among these alkyl groups, 

35 propyl and butyl groups may have a linear or branched chain. 

[0008] Therefore, 1,4-phenylenebis (methylidene) group, 1,4-phylenebis (1 -ethyl id ene) group, 1 ,4-phenylenebis 
(1-propylidene) group, 1,4-phenylenebis (1 -butylidene) group, 1,4-phenylenebis (2-melhyM -propylidene) group, 
1 ,4-phenylenebis (1-pentylidene) group, 1 ,4-phenylenebis (3-methyM-butylidene) group, 1 ,4-phenylenebis (3-methyl- 
1-butylidene) group, 1,4-phenylenebis (2,2-dimethyM-propylidene) group, 1,4-phenylenebis (1-methyl ethylidene) 

40 group, 1 ,4-phenylenebis (1-methyl propylidene) group, 1 ,4-phenylenebis {1 -methyl butylidene) group, 1 ,4-phenyleneb- 
is (1-melhyl pentylidene) group, 1.4-phenylenebis (1-ethyl propylidene) group, 1,4-phenylenebis (1-ethyl butylidene) 
group, 1 ,4-phenylenebis (1-ethyl pentylidene) group, 1,4-phenylenebis (1-propyl butylidene) group, 1,4-phenylenebis 
(1-isopropyl-2-methyl propylidene) group, 1,4-phetlylenebis (1-propyl pentylidene) group, 1,4-phenylenebis (1-butyl 
pentylidene) group, 1,4-phenylenebis (1-t-butyl-2. 2 -dimethyl propylidene) group, 1 ,3-phenylenebis (methylidene) 

45 group, 1 ,3-phenylenebis (1-melhyl ethylidene) group, 1 ,3-phenylenebis (1-ethyl propylidene) group, 1 ,3-phenylenebis 
(1 -propyl butylidene) group and 1 ,3-phenylenebis (1-bulyl pentylidene) group are given as specific examples of bivalent 
group (a) expressed by aforementioned general structure (II). 

[0009] Therefore, 4,4'-[1 ,4-phenylenebis (methylidene)] bis (3,5-dihydroxymethyi phenol), 4, 4-[1 ,4-phenylenebis 
(1-ethylidene)]bis(3,5-dihydroxymethyl phenol), 4,4 '-[1.4-phenylenebis (1-propylidene)] bis (3 ,5-dihydroxy methyl phe- 

50 nol), 4.4 -[1,4-phenylenebis (1 -butylidene)] bis (3,5-dihydroxymethyl phenol), 4,4 '-[1,4-phenylenebis (1-pentylidene)] 
bis (3,5-dihydroxymethyl phenol), 4,4'-[1 ,4-phenylenebis (1-methyl ethylidene)] bis (3,5-dihydroxymethyl phenol), 
4,4'-[1 ,4-phenylenebis (1-ethyl propylidene)] bis (3,5-dihydroxymethyl phenol), 4,4'-[1 ,4-phenylenebis (1-propyl butyli- 
dene)] bis (3,5-dihydroxymethyl phenol), 4 .4*-[1 ,4-phenylenebis (1 -butyl pentylidene)] bis (3,5-dihydroxymethyl phe- 
nol), 4,4'-[1 ,3-phenylenebis (methylidene)] bis (3,5-dihydroxymethyl phenol), 4 ,4'-[1 ,3-phenylenebis (1-methyl ethyli- 

55 dene)] bis (3,5-dihydroxymethyl phenol), 4.4'-[1 ,3-phenylenebis (1-ethyl propylidene)] bis (3,5-dihydroxymethyl phe- 
nol), 4,4'-[1 ,3-phenylenebis (1-propyl butylidene)] bis (3,5-dihydroxymethyl phenol) and 4,4'-[1 ,3-phenylenebis (1-butyl 
pentylidene)] bis (3,5-dihydroxymethyl phenol) are given as specific examples of the first type of new hydroxymethyl- 
substituted polyfunctionai phenols provided by the present invention. 
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[0010] The second type of new hydraxymethyl-substituted polyfunctional phenols provided by the present Invention 
reflects aforementioned general structure (I), wherein X is quadrivalent group (b) expressed by aforementioned general 
structure (ill). If R 5 and R 6 in quadrivalent group (b) are each an alky! group with a carbon atom number of 1 through 
4, specific examples of such alkyl groups include methyl, ethyl, propyl and butyl groups. Among these alkyl groups, 

5 propyl and butyl groups may have a linear or branched chain. 

[0011] Therefore, methylidene group, 1-ethylidene group, 1-propyiidene group, 1-butylidene group. 2-methyl-1-pro- 
pylidene group, 1-pentylkJene group, 3-methy I- 1-butylidene group, 2, 2-dimethyM -propyl kiene group, 1 -methyl ethyl- 
idene group, 1-methyl propylidene group, 1-methyl butylidene group, 1-methyl pentylidene group, 1-ethyl propylene 
group, 1-ethyl butylidene group, 1-ethyl pentylidene group, 1-propyl butylidene group, 1-isopropyl-2-methyl propylidene 

10 group, 1-propyl pentylidene group, 1 -butyl pentylidene group and 1-t-butyl-2. 2-dimethyl propylidene group are given 
as specific examples of quadrivalent group (b) expressed by aforementioned general structure (ill). 
[0012] Therefore, 1 ,1-bls [4,4-cyclohexylidenebis (4-hydroxy-3 l 5-dihydroxy methyl phenyl)] methane, 1 ,1-bis [4,4-cy- 
clohexylidenebis {4-hydroxy-3,5-dihydroxymethyl phenyl)! ethane, 2,2-bis [4,4-cyclohexylidenebis (4-hydroxy-3.5-di- 
hydroxymethyl phenyl)] propane, 1,1-bis [4,4-cyclohexylidenebis (4- hydroxy-3,5-di hydroxy methyl phenyl)]-1-methyl 

15 propane, 1,1-bis [4,4-cyclDhexylidenebls {4-hydroxy-3,5-dihydraxym ethyl phenyl)]- 1-ethyl propane, 1,1-bis [4,4-cy- 
clohexylidenebis (4-hydroxy-3,5-dihydroxymethyl phenyl)]-1 -propyl butane, 1,1-bis [4,4-cyclohexylidenebis (4-hy- 
droxy-3,5-dihydroxymethyl phenyl)]-1-isopropyl-2-methyl propane, 1,1-bis [4,4-cyclohexylidenebis (4-hydroxy-3,5-di- 
hydroxymelhyl phenyl)]- 1 -butyl pentane and 1,1-bis [4,4-cyclohexylidenebis (4-hydroxy-3,5-dihydroxymelhyl phenyl)]- 

1- t-butyi-2,2-dimethyl propane are given as specific examples of the second type of new hydroxymethyl-substituted 
20 polyfunctlonal phenols provided by the present invention. 

[0013] Further, the third type of new hydtoxy methyl-substituted polyfunctional phenols provided by the present in- 
vention reflects aforementioned general structure (I), wherem X is bivalent group (c) expressed by aforementioned 
general structure (IV). R 7 and R 8 in bivalent group (c) are each an independent hydrogen atom or a monofluoro methyl 
group, diftuoro methyl group or trifluoromethyl group. However, R 7 and R 8 cannot be both hydrogen atoms. 
25 [0014] Therefore, 2-fiuoroethylidene group, 2-difluoraethylidene group, 2-trifluoraethylidene group, 1-fluoromethyi- 

2- fluoroethylidene group, 1-fluoromethyl-2-difluoroethylidene group, 1-difluoromethyl-2-dffluoroelhylidene group and 
1-trifluoromethyi-2-lrinuoroethylidene group are given as specific examples of aforementioned bivalent group (c). 
[0015] Therefore, 4,4*-{2-nuoroethylidene) bis (3,5-dihydroxymethyl phenol). 4,4'-{2-difluoroelhylidene) bis (3,5-d'h 
hydroxymethyl phenol), 4, 4 , -{2-trifluoroethylidene) bis (3,5-dihydroxymethyl phenol), 4,4^1 -fluoromethy l-2-fluoroethyl- 

30 idene) bis (3,5-dihydroxymethyl phenol), 4,4 , -(1-dmuoromethyl-2-dffluoroethylidene) bis (3,5-dihydroxymethyl phenol) 
and 4,4'-{1-trinuoromethyi-2-lrifluoroethylidene) bis (3,5-dihydroxymethyl phenol) are given as specific examples of 
the third type of new hydroxymethyl-substituted polyfunctional phenols provided by the present invention. 
[001 6] The hydroxymethyl-substituted polyfunctioual phenols provided by the present invention, which are expressed 
by aforementioned general structure (I), may be obtained from multivalent phenol compounds expressed by general 

35 structure (V) below: 



40 




45 (wherein X and n are the same as defined earlier). 

To be specific, each multivalent phenol compound of the above structure is reacted with 1 to 10 mols, or preferably 
1.5 to 5 mols, of formaldehyde per I mol of hydroxymethyl group contained in 1 mol of the target substance, In the 
presence of basic catalyst or In water or a mixed solvent consisting of water and organic solvent, after which the 
obtained reaction product is neutralized, 

so [0017] The amount of formaldehyde will significantly exceed the theoretical value in this reaction, if more than 10 
mote of formaldehyde Is reacted with the aforementioned multivalent phenol compound per 1 mol of hydroxymethyl 
group contained in 1 mol of the target substance, and therefore the process economy will drop. On the other hand, it 
is equally undesirable to react less than 10 mols of formaldehyde with the aforementioned multivalent phenol compound 
per I mol of hydroxymethyl group contained in 1 mol of the target substance, since a significant amount of monoby- 

55 droxymethyl-group substitution products or un reacted bisphenols will remain. 

[0018] The formaldehyde used in the aforementioned production method may be a commercially available, undiluted 
formalin solution. Alternatively, paraformaldehyde or trloxane that reacts In a similar manner to formaldehyde in water 
can also be used. However, use of formalin is preferred. 
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[0019] The aforementioned basic catalyst may be a hydroxide of alkali metal such as sodium hydroxide, potassium 
hydroxide or lithium hydroxide, acetate, calcium hydroxide, or a bivalent metal such as zinc hydroxide or magnesium 
hydroxide However, use of a hydroxide of alkaline earth, acelate. pyridine, or a tertiary amine such as trimethyl amine 
or tributyl amine is preferred. Among these, sodium hydroxide or potassium hydroxide is most preferred. 
[0020] In the present invention, such basic catalyst may be added by an equivalent of 0.1 to 5 times, or preferably 
0 1 to 2 times the hydroxy! amount in the aforementioned multivalent phenol compound. If the amount of basic catalyst 
exceeds 5 times the hydroxy! amount in the aforementioned multivalent phenol compound, the basic catalyst becomes 
excessive in the reaction system. This is not desirable, since an excessively large amount of acid will be required to 
acidihr the reaction system for precipitation and collection of !he reaction production. 

[0021] In the present Invention, the reaction of the above multivalent phenol compound and formaldehyde in the 
presence of basic catalyst is normally IniUated in a water medium or a mixed solvent consisting of water and organic 
solvent. The amount of water/mixed solvent is normally around 1 to 5 times, or preferably 2 to 3 times, the weight of 
the reacting material, which, in this case, is the above multivalent phenol compound. 

[0022] The aforementioned organic solvent may be an alcohol solvent such as methanol, ethanol, n-propyl alcohol, 
isopropyl alcohol, n-butanol. ethylene glycol, ethylene glycol monomethyl ether, diethylene glycol or carbitol. or a water- 
soluble orgenic solvent such as tetrahydrofuran. dioxane. dimethyl formamide. dimethyl acetamide or n-methyl pyro- 
lidone. as long as the solubility, in the mixed solvent, of the aforementioned basic catalyst and the reacting matenal. 
which in this case, is the aforementioned multivalent phenol compound, will not be affected. 
[0023] The above reaction is normally initiated in a temperature range of 0 to 60"C. or preferably 30 to 50°C, over 
a period of around 1 to 72 hours, or preferably 4 to 16 hours. A reaction temperature exceeding 60°C will produce 
large amounls of various unwanted byproducts, such as the substances with high molecular weight mentioned earlier 
[0024] The product obtained from said condensation reaction of the aforementioned multivalent phenol compound 
and formaldehyde in the presence of basic catalyst is a mixture containing said multivalent phenol compound having 
hydroxymethyl groups added to the aromatic nucleuses on both sides of its molecule. This molecular structure exists 
in the obtained reaction mixture partially or entirely as alkali salt, depending on the amount of basic catalyst used. This 
reaction is generally a solution reaction, although the specir.cformof reaction varies depending on the type and content 
of alcohol or other organic solvent in the water medium or mixed solvent used for reaction, amount of water medium/ 
mixed solvent used, and lype and amount of basic catalyst used. , 
[0025] Therefore, to separate and collectthe target reaction product from the obtained reaction mixture, in the present 
invention the obtained reaction mixture is cooled and mixed with an extractant, which may be an organic, water-insol- 
uble solvent such as any of the aromatic hydrocarbons, ratty alcohols. aliphaUc ketones or esters, or any combination 
of such solvents. The reaction mixture with extractant is then added to an acid compound, such as organic acid, inor- 
ganic acid or water solution of such acid, to neutralize the entire reaction mixture and thereby separate the water layer 
and extract the reaction product Into the organic layer. Next, thus obtained organic layer Is condensed as necessary 
and then cooled to cause precipitation. Finally, the solid precipitate is filtered to obtain a hydroxymethyl-subsliluled 
polyfunctional phenol, which is the target substance. . ... „■ 

[0026] in the present invention , an extractant can also be added after the reaction mixture is neutralized. In particular, 
the present invention provides a hydroxymethyl-substituted polyfunctional phenol of even higher purity by removing in 
advance the Impurities separating from the reaction mixture using the aforementioned extractant in an early stage of 
neutralization, extracting the reaction product from the water layer into the organic layer using the aforementioned 
extraotant. and then processing the organic layer as described above. 

[0027] The aforementioned extractant may be any of the aromatic hydrocarbons such as benzene, toluene or xylene, 
fatty alcohols such as n-butanol, aliphatic ketones such as methyl isobutyl ketone or esters such as ethyl acetate or 
butyl acetate, which may be used alone or in combination. 

[0028] Of the acid compounds that may be used in the aforementioned neutralization process, those that are organic 
acids include formic acid, acetic acid, proprionic acid and oxalic acid. Inorganic acids include sulfuric acid, phosphonc 
acid, phosphorous acid, hypophosphorous acid and hydrochloric acid. Of these, use of hydrochloric acid and sulfuric 
acid Is most preferred from the viewpoint of economy and ease of handling, 

[0029] The chemical compounds obtained by the present invention using the method described above are normally 
in a solid state at normal temperature, and therefore can be used for various applications. In particular, the compounds 
provided by the present invention can be used as photo-resist material or to derive polyphenol compounds through 
further reaction with phenolic compounds. The compounds provided by the present invention are also usable as com- 
pounding agent that adds to the molecular weight of novolac phenol resins or as hardening agent for epoxy resins 
used in casting and powder coating. In these applications, the desired etfect manifests after reaction with hydroxymethyl 
groups. 
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Examples 

[0030] The present invention is explained by using examples. However, application of the present Invention is not 
limited to the examples provided. 

5 

Example 1 

Production of 4,4'-[1 .4-phenylenebis (1-methyl ethylidene)] bis {3.5-dihydroxymethyl phenol) 

10 [00311 51 9 g (0 15 mo\) of 4,4 , -[1.4-phenylenebls {1-methyl ethylidene)] bisphenol. 10.8 g {0.45 mol) of lithium hy- 
droxide and 176 g of pure water were mixed into a four-neck flask and agitated at room temperature for 10 minutes. 
Into the obtained solution kept at 40°C, 1 54 g {1 .60 mol) of 35% formaldehyde solution was dropped to cause .reaction 
over 2 hours. The reacted solution was kept at the same temperature for another 20 hours for thorough reaction. 
[0032] At the end of the reaction period, the obtained reaction mixture (solution) was neutralized by adding 16 h 

15 sulfuric acid, after which n-butyl alcohol was added to dissolve the reaction product. Thereafter the water ayer was 
separated and the obtained oil layer was rinsed In water. The oil layer was then distilled to obtain 77.2 g of the target 
substance in coarse state {63.5% purity as measured by high-speed liquid chromatography) as a light yellowish-brown 
solution. The solution was then refined by column chromatography to obtain the targel4,4 l -[1.4-phenyleneb.s (1-methyl 
ethylidene)] bis (3.5-dihydroxymethyl phenol) as a white solid with 98% purity. 

zo Mass spectrometry (LC-MS/AP): 466 

Proton nuclear magnetic resonance spectrum (400 MHz, solvent: DMSO): 



25 



30 




<f e 




Table 1 



35 



40 



5 (ppm) 


Signal 


Number of protons 


Assignment 


1.58 


s 


12 


b 


4.52 


s 


8 


d 


5.24 


s 


4 


e 


7.05 


s 


4 


c 


7.08 


s 


4 


a 


8.40 


s 


2 


f 



45 



50 



55 



Example 2 

Production of 4.4 , -[1,3-phenylenebis(1-methyl ethylidene)] bis (3.5-dihydroxymethyl phenol) 

[0033] 69 2 g (0,20 mol) of 4,4'-[1 ,3-phenylenebis (1-methyl ethylidene)] bisphenol. 150 g (0.60 mol) of 16% sodium 
hydroxide solution and 34.6 g of methanol were mixed into a four-neck flask and agitated at room temperature for 10 
minutes. Into the obtained solution kept at 30= C. 205.7 g (2.4 mol) of 35% formaldehyd e solution was dropped to cause 
reaction over 2 hours. The reacted solution was kept at the same temperature for another 7 hours for thorough reaction. 
[0034] At the end of the reaction period, the obtained reaction mixture (solution) was neutralized by adding 16% 
sulfuric acid, after which n-butyl alcohol was added to dissolve the reaction product. Thereafter, the water layer was 
separated and the obtained oil layer was rinsed in water. The oil layer was then distilled to obtain 131 g of the target 
substance in coarse state (83.6% purity as measured by high-speed liquid chromatography) as a light yellow solubon. 
The solution was then refined by column chromatography to obtain the target 4,4--[1 ,3-phenylene b.s (1-methyl ethyl- 
idene)] bis (3,5-dlhydroxymethyt phenol) as a light brown solution with 98% purity. 
Mass spectrometry (LC-MS/AP): 466 
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Proton nuclear magnetic resonance spectrum {400 MHz, solvent: DMSO): 





Table 2 



6 (ppm) 


Signal 


Number of protons 


Assignment 


1.56 


s 


12 


b 


4.52 


s 


8 


d 


5.26 


s 


4 


e 


6,94 


d 


2 


9 


7.01 


s 


4 


c 


7.11 


t 


1 


h 


7.22 


s 


1 


a 


8.40 


s 


2 


f 



Example 3 

Production of 2,2-bis [4,4-cyclohexylidenebis {4-hydroxy-3,5-dihydroxymethy1 phenyl)] propane 

[00351 86 4 g (0.15 mol) of 2,2-bis [4,4-cyclohexylidenebis (4-hydroxy phenyl)] propane and 225 g (0.9 mol) of 16% 
sodium hydroxide solution were mixed into a four-neck flask and agitated at room temperature for 10 minutes. Into the 
obtained solution kept at 20°C. 321 .4 g (3.75 mol) of 35% formaldehyde solution was dropped to cause reaction over 
approximately 1 .7 hours. The reacted solution was kept at the same temperature for another 16.5 hours for thorough 

[00361° At the end of the reaction period, the obtained reaction mixture (solution) was neutralized by adding 16% 
sulfuric acid, afler which methyl ethyl ketone was added to dissolve the reaction product. Thereafter, the water layer 
was separated and the obtained oil layer was rinsed in water. The oil layer was then distilled to obtain 90 g of the target 
substance in coarse state (57, 1 % purity as measured by high-speed liquid chromatography) as a white solid. The solid 
was dissolved in methanol and refined by column chromatography to obtain the target 2,2-bis [4,4-cydohexyhdenebis 
(4-hydroxy-3,5-dihydroxymethyl phenyl)] propane as a white solid with 93% purity. 
Mass spectrometry (LC-MS/AP): 816 

Proton nuclear magnetic resonance spectrum (400 MHz, solvent: DMSO): 
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Table 3. 



10 



15 



o (ppm) 


— — r 

Signal 


Nnmhpr nf nrntnns 


Assignment 


0.47 


8 


6 


a 


1.09 


t 


4 


c 


1.33 


t 


2 


b 


1.53 


0 


A 


Q 


1.69 


t 


4 


d 


2,69 


d 


4 


d 


4.46 to 453 


d 


16 


f 


5.19 to 5.27 


I 


8 


9 


6.99 








7.13 


s 


8 


e 


8.30 








8.34 


s 


4 


h 



20 



25 



30 



35 



Example 4 

Production of 4,4'-<1 -trifluoromethyl-2-trifluoroethylidene) bis (3,5-dihydroxymethyl phenol) 

[00371 168 g (0 5 mol) of 4.4'-[1-trifluoromethyl-2-tinuoroethylidene] bisphenol and 280.3 g (1 .0 mol) of 20% potas- 
sium hydroxide solution were mixed into a four-neck flask and agitated at room temperature for 10 minutes. Into the 
obtained solution kept at 50°C, 342.9 g (4.0 mol) of 35% formaldehyde solution was dropped to cause reaction over 
approximately 1 .5 hours. The reacted solution was kept at the same temperature for another 14,5 hours for thorough 

[0038]° At the end of the reaction period, the obtained reaction mixture (solution) was neutralized by adding 16% 
sulfuric acid, after which methyl isobutyl ketone was added to dissolve the reaction product. Thereafter, the water layer 
was separated and the obtained oil layer was rinsed in water. The oil layer was then distilled to obtain a concentrate. 
The concentrate was recrystallized by adding toluene and methanol, then filtered and dried to obtain 125 g of the target 
4,4'-(1-trifluoromelhyl-2-trifluoroelhylidene) bis (3.5-dihydroxymelhyi phenol) in refined state (94.1% purity as meas- 
ured by high-speed liquid chromatography) as a while solid. 
Melting point: 155.2°C 
Mass spectrometry (LC-MS/AP): 456 

Proton nuclear magnetic resonance spectrum (400 MHz. solvent: DMSO): 



40 



45 




Table 4 



5 (ppm) 


Signal 


Number of protons 


Assignment 


4.54 


s 


8 


b 


5,36 


s 


4 


c 


7,20 


s 


4 


a 


8.91 


s 


2 


d 
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Claims 



1. Hydroxymethyl-subsliluted polyfunction^ phenol, expressed by the following structure: 
General structure (I) 
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(wherein X represents: bivalent group (a) expressed by the following structure: 
General structure (II) 



(wherein R« R 2 R 3 and R 4 each independently represent a hydrogen atom or an alkyl group with a oarbon atom 
Sumbt JVthreugh 4); quadrivalent group (b) expressed by the following struoture; 
General structure (III) 



x>fo< 



(wherein R 5 and R 6 each independent represent a hydrogen atom or an alky, group with a carbon atom number 



of 1 through 4); 
or bivalent group <c) expressed by the following structure: 

45 General structure (IV) 



-c— 
i 

(IV) 



10 



EP 1 352 888 A1 

group (a), takes 4 when X is quadrivaleut group (b), or takes 2 when X is bivalent group (c)). 

2 The hydroxymethyl-substituted polyfunctional phenol according to claim 1, wherein said R 1f R 2 . R 3 a nd R 4 in 
General structure (II) each independently represent a methyl group, an ethyl group, a propyl group or a butyl group. 

3. The hydroxymethyl-substituted polyfunctional phenol according to claim 1 or 2, wherein said Rg and in General 
structure (III) each independently represent a methyl group, an ethyl group, a propyl group or a butyl group. 

4. A method for producing a hydroxymethyl-substituted polyfunctional phenol, expressed by the following structure: 
10 General structure (I) 



15 



20 




25 



(wherein X represents: bivalent group (a) expressed by the following structure: 
General structure (II) 



30 



35 



40 



45 



I 1 

(H) 

(wherein R„ R 2 . R 3 and R4 each independently represent a hydrogen atom or an alkyl group with a carbon atom 
number of 1 through 4); 

quadrivalent group (b) expressed by the following structure: 
General structure (III) 



Re 
(III) 



50 



55 



(wherein R 5 and R 6 each independently represent a hydrogen atom or an alkyl group with a carbon atom number 
of I through 4); 

or bivalent group (c) expressed by the following structure: 
General structure (IV) 
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-c— 
i 

(IV) 



(wherein R T and R 8 each independently represent a hydrogen atom or a ™™*» om ™W'™^ 
*££m*£ gmup; however. R 7 and R. cannot be both hydrogen atoms); wherein n takes 2 when X . biva.ent 
group (a), takes 4 when X is quadrivalent group (b), or takes 2 when X is bivalent group (c)), 
said method comprising the steps of: 

reacting multivalent phenol compounds expressed by general structure (V) below 



("-03f 



(V) 



(wherein X and n are the same as defined earlier) with 1 to 10 mols of formaldehyde per 1 mol «% d ™*™W 
greu p contained in 1 mol of the target substance, in water or a mixed solvent conssUng of water and organ* 

Use of a hydroxymethyl-substituted polyfunctions! phenol according to any of claims 1 to 3 for modifying phenol 
resins, as photo-resist material or for producing a polyphenol compound. 
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